INTRODUCTION
The snow crab Chionoecetes opilio is widely distributed in the Sea of Okhotsk, the Sea of Japan and the coastal waters off the Pacific side of the northern part of the Japanese islands. The snow crab has been mainly caught by trawl. A peak landing of about 15,100 ton of the snow crab was recorded in 1964. However, the landings have decreased since 1964, for example, to 9,900 ton in 1967 and to 5,000 ton in 1976. In recent years, landings have ranged from 1,900 to 3,700 ton. To ensure long-term sustainable use of this resource, it is necessary to promote a better management of the crab population under the TAC (Total Allowable Catch) control system based on the accurate estimation of the stock abundance. The stock abundance of the snow crab has been estimated based on trawl and pot surveys. However, there have been some problems in terms of quantitative sampling because the sampling efficiency (i.e. the proportion of crabs that are captured within the path of the trawl net) of the survey fishing gear has not been sufficiently measured.' To complement the quantitative reliability of sampling of the survey fishing gear, the Deep-sea Video Monitoring System on a Towed Sledge (DVMSTS) was developed to estimate the population density of the snow Crab Chionoecetes opilio.2 This study investigated its effectiveness from field survey. Although if the population density can be estimated from the amount of crab catches obtained by the survey pot 3, it will be very convenient because most of all the research vessels can operate pot fishing and it is not an expensive method. To improve the accuracy of the crab population density estimated from the amount of crab catches obtained by the survey pot, the Effective Fishing Area Per Survey Pot (EFAPSP) 3 was estimated with the DVMSTS.
MATRIALS AND METHODS
"DEEP-SEA VIDEO MONITORING SYSTEM ON A TOWED SLEDGE (DVMSTS)"
The DVMSTS made of stainless steel (151 cm in height, 166 cm in width and 252 cm in length) is equipped with an underwater video camera and an underwater light source, with an air weight of about 270 kg (Fig.1) . The video camera with the wide conversion lens is packed in a watertight casing attached at the center of the DVMSTS. The power sources of the video camera is supplied by battery packs, and the video camera is switched on and off with a timer. a The light source ( a halogen lamp, DC 24 voltage, 150 wattage) and two battery packs as power sources are packed in another watertight casing. The on/off switch of the light is also operated with a timer.4 These watertight casings can be used for depths up to 1,100m. The DVMSTS was towed with the trawl warp (14 mm in diameter). When the trawl warp came into contact with the seabed, it might threaten crabs and they might run away from the observation zone. Since a nylon cross rope has a lighter specific gravity than a trawl warp, a nylon cross rope (60 m in length, 26 mm in diameter) was inserted between the end of the trawl warp and the DVMSTS to prevent the trawl warp from coming into contact with the seabed Towing speed ranged between 1 and 2 knots. The ratio of the length of the trawl warp with the inserted nylon cross rope to the water depth was about 1.5. Recording time of each observation varied from 40 to 60 min depending on the capacity of the batteries. The depth of the surveyed waters was measured with an echo finder. The position of the research vessel was measured with the GPS (Global Positioning System). The timers of the underwater video camera and of the underwater light were set on simultaneously immediately before the DVMSTS was put into the sea. Video recording was started after 20 or 30 min, because the research vessel required such a time interval to reach a steady course and constant speed. The towing distance was calculated based on the research vessel's position where video recording started and ended. Sweeping area was obtained by multiplying the observed distance (towing distance) by the width of the DVMSTS . In this study, only the crabs that were observed within the observation zone (1.66m, observation width, Fig.2 ) between the towed sledges. The survey for estimating the density of the snow crab using DVMSTS ( Fig.1 ) was carried out on the research vessel Mizuho-maru (156 GT) in Aug. 1998. Sea-bottom observation was performed 8 times in total at 7 locations off northern and western the Old Islands in the Sea of Japan (Table 1) .
The effective fishing area per survey pot (EFAPSP) was calculated as 3 :
EFAPSP(m 2/pot)=catch (crabs / pot) crab population density (crabs /m2) where the crab population density was estimated from the DVMSTS observation. The EFAPSP is not the sampling efficiency (the proportion of crabs that are captured within the area of influence of a pot) but the size of fishing area when the sampling efficiency of a pot is to be unity. The survey was conducted by the research vessel No.3-Kaiyo-maru (474 GT) from April to May, 2000. Sea-bottom observation and pots fishing operations were performed 18 times in total off western and northeastern the Old Islands in the Sea of Japan. The depth of these survey sea areas ranged from 300 m to 520 m. Pots were Japanese style, conical-shaped and with the apical opening. Three different mesh-size pots (34mm-20 pots, 100mm-10 pots, 150mm-10 pots) were used in a total of 40 pots (34mm mesh-size pots are used as a survey pot). These pots were set on a single groundline at 50m intervals and baited with frozen chub mackerel Soak time was approximately one day. Table 1 shows the number of snow crabs observed and towing characteristics of the DVMSTS. The total observed distances were 15,600 m and the towed DVMSTS was able to sweep the sea bottom over a total area of 25,900 rd The count of 104 crabs was recorded. Since a significant figure corresponded to one digit in the surveyed sea area where the number of observed crabs was less than 10 individuals, similarly, the number of individuals per 1,000 m was indicated by one digit.
Out of a total of 104 individuals, 88 individuals (85%) did not respond to the towed sledge when it came close to the crabs. On the other hand, 16 individuals behaved to avoid the towed sledge. Out of these 16 individuals, 15 individuals began to move after crabs had been within the field of view of the underwater video camera. One individual among the remainder had already moved by the time it came into the field of view of the underwater video camera.
" EFFECTIVE FISHING AREA PER SURVEY POT" Fig.3 shows the relationship between the catch number per pot and crab population density for the survey pot (34mm mesh size). The effective fishing area per survey pot was estimated to be approximately 1, 600 m2/pot.
DISCUSSION
Many crabs did not respond to the towed sledges. On the other hand, crabs that had moved to avoid the towed sledge began to move after coming into the field of view of the camera. Although deep-sea organisms had been observed with"SHINKAI 2000" and ROVs (Remotely Operated Vehicles) using the artificial light, the light may have hardly affected the behavior of organisms. 1,5,6 Most of the red queen crab also did not respond to the light of the DVMSTS. 7 Miller 3 suggested that the flash did not induce the crabs to move away, in his report on the density of the snow crab population estimated using the underwater camera with a strobe light Therefore, it is suggested that the light hardly affected the crab behavior. Based on the above results, it appears that the moved crabs actually reacted to the approach of the towed sledge. Since the field of view of the camera of the DVMSTS was in front of the sledge, it was possible to determine whether the crabs had been in the observation zone before the towed sledge reached the crabs. Most of the crabs that had moved to avoid the towed sledge began to move after they came into the field of view of the camera. Hence, it is considered that the camera enabled to take video images of almost all the crabs in the observation zone before the crab behavior was affected by the approach of the towed sledge. Therefore the number of individual crabs per 1,000 M that was estimated in this study reflected the population density.
The amount of crab catches was independent of the age Table 1 To complement the use of conventional survey fishing gear of which the sampling efficiency has not been sufficiently evaluated at the present time, manned deep submersibles or deep towed TV systems could be utilized. 1,9
The use of manned deep submersibles is the most effective method to obtain detailed observations of the target species.
The use of submersibles, however, is the most expensive In contrast, since the DVMSTS is towed by a towline and does not need any special equipment, the DVMSTS can be used on all the research vessels. It appears that the DVMSTS could become a practical method for the survey of stock abundance, because for such a purpose, it is necessary to investigate simultaneously many survey stations using as many research vessels as possible. Since the observation zone of the DVMSTS corresponds to the distance between sledges, the observation zone can be fixed. 11 In addition, the DVMSTS enables to obtain random video image samples of the target species without the artificial bias mentioned above, because the recorded videotape is retrieved on board after the observation. Therefore, the DVMSTS could be used to estimate the more accurate snow crab population density than other methods.
On the other hand, it is very convenient to estimate the population density of the snow crab by using pots. The effective area fished per pot has limitations of both accuracy and precision, but offers the potential for making crude but inexpensive estimates of crab density 3 For the first estimation value of the survey pot in Japan, it was estimated to be approximately 1,600 m2/pot in this study. However, presumably this estimation value included the bias because the interval between pots was not long enough. It is necessary to investigate the additional survey in this point.
